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Abstract 


'The  mean  square  of  the  temperature  difference  at  two  points 
is  used  as  the  characteristic  parameter  of  the  temperature  field. 
The  dependence  of  this  quantity  on  the  distance  between  the  points 
of  observation  is  determined  experimentally.  The  order  of  magni¬ 
tude  of  the  characteristic  parameters  of  the  field  of  temperature 
fluctuations  in  the  atmosphere  is  evaluated. 


The  micro-structure  of  the  atmospheric  temperature  field  is  a  problem  of 
considerable  interest  for  meteorology.  Small  temperature  fluctuations  aro 
responsible  for  the  turbulent  transport  of  heat,  the  twinkling  of  the  stars,  and 
also  influence  the  propagation  of  sound  and  other  phenomena  in  the  atmosphere. 

Rough  measurements  of  the  temperature  fluctuations  in  the  air  layer  near 
the  ground  show  that  the  temperature  field  in  the  atmosphere  is  extremely  com¬ 
plex,  like  the  field  of  wind  velocities.  This  arises  from  the  turbulent  state 
of  the  atmosphere. 

In  1941,  A.  N.  Kolmogoroff  proposed  using  the  mean  square  of  the  velocity 
difference  at  two  adjacent  points  considered  as  a  function  of  the  distance  -C 
between  the  points,  as  a  characteristic  parameter  of  the  micro-structure  of  the 
turbulent  field  of  velocities.  This  function  we  shall  call  the  structural 
function  of  the  velocity  field. 

A  completely  analogous  method  may  be  applied  to  the  statistical  description 
of  the  stru,'  re  of  the  field  of  temperature  fluctuation  in  the  atmosphere  by 
considering  the  mean  square  of  the  temperature  difference  at  two  points.  The 
dependence  of  this  value  on  the  distance  between  the  points  of  observation 
(structural  function  of  the  temperature  field)  characterizes  the  intensity  of 
the  temperature  fluctuations  in  the  sense  of  a  spectrum. 

The  problem  of  the  local  structure  of  the  velocity  field  ir.  a  turbulent 
3t,rcam  has  already  been  discussed  in  a  series  of  theoretical  and  experimental 
papers  (2,3,4),  but  the  problem  of  the  structure  of  the  tomperature  field  has 
not  previously  been  discussed.  Existing  observations  of  the  temperature  fluctu¬ 
ations  in  the  atmosphere  do  not  permit  oven  an  approximate  estimation  of  the 
structural  function  of  the  temperature  field  since  suitable  measurements  at 
small  distances  of  separation  with  sufficiently  sensitive  apparatus,  do  not 
exist. 
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In  the  present  paper  a  preliminary  attempt  is  made  to  consider  theoretically 
the  question  of  the  structure  of  the  field  of  temperature  in  a  turbulent  stream. 

By  using  the  theory  oi"  locally  isotropic  turbulence,  we  succeed  in  obtaining  a 
serios  of  results  relating  to  the  structural  function  of  the  temperature  field. 

For  example,  according  to  the  theory  developed  below  it  is  shown  that  for- not  too 
small  distances,  tho  mean  square  of  the  difference  of  temperatures  is  proportional 
to  tho  2/3*3  power  of  tho  distance.  It  is  assumed  that  the  amplitudes  of  the 
temperature  fluctuations  are  small  (compared  with  the  mean  absolute  temperature) 
and  do  not  influonce  the  turbulent  fluctuations  of  the  velocity  field  which  arise 
solely  from  dynamical  causes.  In  other  words,  in  the  present  work  we  neglect  the 
buoyancy  forces  arising  from  the  temperature  and  treat  tho  heat  transported  by  the 
stream  as  a  "passive  substance".'- 

To  be  consistent  with  the  first  assumption,  it  is  also  assumed  that  the 
turbulent  motion  in  the  atmosphere  may  be  considered  as  "incompressible"  (accord¬ 
ing  to  the  terminology  of  Friedman). 

Radiative  heat  exchanges  in  the  medium  are  neglected  in  the  present  investi¬ 
gation,  although  on  a  very  small  scale  the  latter  may  become  appreciable, 
together  with  molecular  heat  transfer  in  the  medium. 

The  mechanism  of  the  equalization  of  temperature  in  a  sufficiently  large 
volume  can  apparently  only  be  explained  by  the  Joint  action  of  turbulence  and 
molecular  heat  transfer.  Owing  to  the  irregular  notions  of  particles  of  air 
possessing  different  temperatures,  the  latter  are  able  to  converge  within  such 
small  distances  that  equalization  of  temperature  between  these  particles  is  only 
possible  through  the  operation  of  molecular  heat  transfer.  In  other  words,  the 
turbulent  notion  inside  a  thermally  heterogeneous  medium  with  gradients  which  are 
initially  weak  can  contribute  to  the  local  gradients  of  temperature,  which  are 
subsequently  smoothed  out  by  the  action  of  molecular  heat  conductivity. 

To  obtain  from  this  physical  stream  some  quantitative  conclusions  it  is 
necessary  to  introduce  a  number  of  auxiliary  concepts.  Fundamental  for  further 
developments  is  "the  measure  of  the  heterogeneity"  of  the  temperature  field. 

Section  1.  "Measure  of  Heterogeneity"  and  "Free  Energy"  of  the  Temperature  Field. 

We  consider  the  temperature  field  in  a  medium  with  a  specific  heat  0 
occupying  some  region  V  .** 


*  The  influonce  of  systematic  temperature  heterogeneities  on  turbulence  is  con¬ 
sidered  from  another  point  of  view  (by  the  method  of  the  semi-empirical  theory 
of  turbulence)  in  the  work  "Turbulence  in  a  Heterogeneous  Field'*(A). 

**In  the  present  investigation  of  the  temperature  field  of  the  atmosphere,  tho 
specific  heat  C  will  be  identified  with  the  specific  heat  Cp  at  constant 
pressure  so  that  the  total  energy  of  the  system  replaces  the  internal  energy. 
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As  a  measure  of  the  "teaperaturo  heterogeneity"  of  the  field  in  the  region 
V  ,  it  is  natural  to  introduce  the  quantity  Qr  defined  as  the  integral  over 
the  region  V  of  one-half  of  the  square  of  the  temperature  deviation. 

6-  *  \[\  p(T?  <L-  (3) 

V 

It  is  obvious  that  G"-  0  if  and  only  if  the  temperature  is  constant  over 
the  whole  region.  The  factor  '/*.  is  to  make  an  analogy  with  the  kinetic  energy 
of  the  relative  notion  in  the  fluid.  The  latter  is  obtained  if,  in  the  above 
fornula,  the  temperature  is  replaced  by  the  vector  of  velocity.  It  is  convenient 
to  introduce  a  special  symbol  for  the  measure  of  the  heterogeneity,  referred  to 
the  unit  mass  of  the  medium. 

3  •  If  •  A  Iff fWV 

V 

It  nay  bo  renarked  that  the  physical  significance  of  G*  is  that  it  is  pro¬ 
portional  to  the  maximum  work  V/  ,  which  it  is  possible  to  obtain  from  the  non- 
uniforraly  hoated  substance,  consider  Lag  it  as  an  isolated  system  (in  regard  to 
heat).  V.’e  shall  call  this  maximum  work  W  the  "free  energy"  of  the  non-uniforaly 
heated  substance.* 


*  The  tern  "free  energy"  as  used  abovo  is  not  to  be  confused  with  the  analogous 
conception  in  thermodynamics,  which  is  significant  only  for  isothermal 
processes.  Inasmuch  as,  in  the  following,  we  shall  not  uso  the  classical 
expression  for  free  energy,  this  terminology  should  not  load  to  confusion. 
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The  value  of  W  for  a  uniformly  heated  substanco  is  obviously  soro  since  in 
this  ca3o  the  substance  is  in  a  state. of  thermo dynamic  equilibrium. 

'Ve  shall  novr  estimate  W  for  the  region  'Y  with  a  given  distribution  of 
temperature  ^  z^)  • 

In  order  to  extract  the  maximum  quantity  of  heat  from  a  system,  we  must  bring 
the  system  into  a  state  of  thermodynamic  equilibrium  with  the  aid  of  some 
reversible  process.  Tho  change  in  the  total  energy  of  the  system  in  such  a 
conversion  from  the  given  initial  state  to  tho  final  equilibrium  state  determines 
tjjie  value  of  Vs/  .  V/e  denote  the  temoorature  of  the  substance  in  the  final  state 
T  •  T  is  obviously  constant,  inasmuch  as  it  refers  to  a  state  of  thermodynamic 
equilibrium.  Thus,  measuring  the  maximum  v;ork  in  heat  units,  we  have 

W  »  cpTfc^lir-  jjf  cpT Ir  *  cM(T-t)  U) 


where  |  is  the  mean  temperature  of  the  substance. 

To  determine  ¥  we  shall  use  a  reversiblo  process  to  connect  the  initial 
and  final  states  of  the  system.  The  total  entropy  of  the  system  in  such  a  process 
remains  constant.  Equating  the  entropy  of  the  heat  substance  in  the  initial  and 
final  states,  we  obtain  an  expression  for  the  determination  of  T  . 

S  =•  hr  (5) 


from  which 


IT  iff  P  ^ 


V 

T"  nay  be  termed  the  "geometric  mean"  temperature  of  the  substance. 

Thus  the  "free  energy"  of  a  no rv-un if orraly  heated  substance  is  equal  to  the 
heat  derived  in  a  change  between  the  "arithmetic  mean"  and  "geometric  mean"  values 
of  the  temperature.  Substituting  for  T  from  (6)  in  (4),  we  obtain  the  final 
expression  for  W  t 


'  W  a 


Expression  (7)  may  be  simplified  by  assuming  that  the  variation  of  the 
temperature  T7  1*  very  small  compared  with  T  .  In  this  case,  since 


In  this  case,  since 


Ar-  «■  O 

V  ^ 

and  noglecting  the  integration  of  powers  of  T^f  greater  than  the  second: 
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W  ^  |j|  -s£  »  ~r-  Qr  (8) 

Thus,  the  approximate  expression  (8)  for  the  "free  energy"  Vj  differs  only 
by  the  factor  c/t  from  the  measure  of  the  heterogeneity  G~  of  the  temperature 
field  introduced  above. 

V/e  may  also  estimate  in  this  case  the  approximate  increase  of  entropy  AS 
in  tho  equalization  of  temperature  due  to  non-reversible  processes  (heat  conduc¬ 
tion).  Such  a  process  brings  the  substanco  to  a  constant  temperature  "f  ,  so 
that  the  variation  of  entropy  can  easily  be  estimated) 

AS  =  cM  -  c  a  -  & 

from  which,  neglecting  terms  of  higher  order,  we  obtain  a  very  simple  expression 
for  tho  increase  of  entropy) 

AS  «  <5*  (9) 

From  (8)  and  (9)  it  follows  that  to  the  approximation  considered 


W  *  T  AS  UO) 

which  also  follows  from  general  thermodynamic  reasoning. 

Thus,  based  on  expression  (8)  obtained  for  V/  and  (9)  for  S  ,  the  value 
of  Gr  may  be  treated  in  the  same  manner  as  the  "free  energy"  of  the  field,  or  as 
the  measure  of  the  deficiency  of  entropy  of  the  temperature  field  ("negative 
entropy"). 


Section  2.  Variation  of  the  Measure  of  Heterogeneity  of  the  Temperature  Field 
with  Tima.  ” 

Consider  the  motion  of  an  incompressible  fluid  of  density  O  (assumed  to  be 
constant  for  simplicity)  possessing  a  variable  temperature  TfxU,z,|f)  « 
let  \  bo  tho  thermal  conductivity  and,  correspondingly,  K  the  thermal 
diffusivity  of  the  fluid.  The  boundaries  of  the  volume  under  consideration  will 
bo  assumod  to  be  fixed  and  non-conducting.  We  shall  calculate  the  change  in  the 
value  of  G*  for  the  whole  volume. 


The  temperature  in  a  moving  medium  satisfies  the  following  two  equations: 

CP  %■  =  ^  AT 


or 


7t 

r  &Mr'(yr)  -  K  AT 


(li) 


Since 


vn  obtain  on 


Lrr  •=.  O 

substituting  T6e^,Z,fc)  » 
in  equation  (11),  the  following  equation  fop  the  variation  of 

IX'  f  <Ur(V,  yjLT')  K  AT/ 


0 


where  K  1*  the  thoraal  diffusivity. 


(11a) 


On  multiplying 
volume  \/  ,  and  applying 
the  volume 


this  rolation  by  integrating  for  tho  whole 

lying  Gauss*  theorem,  observing  that  for  the  boundaries  of 

^ *  o  >  -  o 

l£--K  iff e(rlrTL-  M 

Using  the  measure  of  the  temperature  heterogeneity  referred  to  a  unit  of 
mass  equation  (12)  my  be  written  in  tho  form 


wo  obtain 


(12a) 


where  the  mean  refers  to  the  volume 


V. 


This  equation  is  completely  analogous  to  that  for  the  dissipation  of  energy. 
If  ^  is  assuraod  by  formal  analogy  to  be  the  kinetic  energy,  then  the  dissipa¬ 
tion  function  of  Stokes  referred  to  unit  mass  for  a  temperature  field  will  be 
given  by  the  expression! 

N/  w  K 

which  dotermines  the  rate  of  equalization  of  the  temperature  heterogeneities. 


?<o  recall  that  the  thermal  diffusivity  K,  and  the  kinematic  viscosity  V 
have  the  same  dimensions  and,  for  air,  approximately  the  same  numerical  values 

( a-  if,  K  s0*  '*t  os*/**) . 

Equation  (12)  shows  that  in  a  hypothetical  media's  for  which  K»0  Inside 
a  clo3od  boundary,  the  measure  of  heterogeneity  remains  constant.  On  tho  other 
hand  formula  (12)  also  shows  that  in  real  modiam  with  a  small  thermal  diffusivity 
(air  or  wator) ,  the  actual  equalization  of  temperature  heterogeneities  (decreaso 
of  G"  )  will  in  practice  occur  only  when  local  gradients  are  sufficiently  great. 
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No  may  now  fora  a  qualitative  picture  of  the  processes  occurring  in  a  tea-  x^- 
perature  field  in  a  turbulent  nod  lira  possessing  only  a  snail  thoraal  diffusivity. 
If  the  initial  distribution  of  tennerature  is  sufficiently  uniform,  then  for  a 
very  snail  K  ,  N  nay  be  considered  practically  equal  to  zero,  not  only  initially 
but  also  during  some  period  of  time  subsequently.  As  is  demonstrated  in  practice, 
the  irregular  turbulent  notion  of  a  fluid  affects  the  tennerature  field  in  such 
a  vny  that  the  tennerature  tends  to  uniformity.  If  we  divide  the  initial  volume 
V  into  snail  cells  of  volume  u}  »  Vy1^  ,  then  through  nixing  the  .mean  temperature 

in  the  cells  will  tend  to  approach  a  constant  T  • 


Nevertheless,  if  tho  total  measure  of  heterogeneity  S*  (or  ^  )  remains 
finite,  then  inside  every  cell  the  field  must  be  extremely  heterogeneous  since 
tho  mean  amplitude  of  tho  temperature  fluctuations  inside  the  small  cell  will 
approach  in  the  mean  the  amplitude  c.f  the  temperature  fluctuations  observed 
initially  for  tho  entire  volume  V  .  Owing  to  the  fact  that  during  the  nixing 
process  the  size  of  the  region  to  ,  for  which  a  higher  average  temperature 
prevails,  must  be  decreasing,  the  actual  temperature  gradient  must  be  increased 
in  such  a  process,  and  from  a  certain  stage  the  mechanism  of  molecular  heat 
conduction  must  become  important.  At  this  stage,  inside  sufficiently  small 
olements  of  volume  (the  size  being  smaller,  tho  smaller  the  thermal  diffusivity 
of  tho  medium)  owing  to  the  influence  of  molecular  heat  conduction,  equalization 
of  the  tennerature  heterogeneities  will  take  place,  that  is,  a  decrease  in  the 
vaiuo  of  &  will  occur  (increase  of  entropy).  It  is  easy  to  see  that  during 
some  period  inside  sufficiently  small  cells,  a  qua si- stationary  (statistically) 
regime  must  be  set  up,  through  which  increase  of  the  measure  of  heterogeneity  ✓-v 
i)  insido  the  voluno  lO  owing  to  mixing  is  compensated  by  the  actual  equalization 
of  tho  temperature  field  inside  tho  volume  W  as  a  result  of  molecular  heat 
conduction. 


Thus  the  influence  of  turbulence  load3  to  a  redistribution  of  the  measure 
of  tho  temperature  heterogeneity  into  a  "spectrum"  of  temperature  lnhonogeneitles. 
It  is  possible  to  establish  the  concept  of  the  spectrum  of  a  temperature  field 
more  exactly  by  considering  the  resolution  into  a  Fourier  series  (integral)  and 
observing  that  the  value  of  o  will  be  the  sum  of  contributions  from  different 
spectral  components.  This  method  of  characterizing  the  temperature  field  may  be 
carried  out  in  a  completely  analogous  way  to  that  which  has  been  applied  to  the 
field  of  velocities  by  A.  k.  Obukhov  in  19A1  (3)  and  somewhat  later  by  Onsager 
(5). 


In  the  present  work  we  shall  not  consider  in  detail  the  application  of  the 
method  of  spectral  resolution  to  the  problem  of  the  micro-structure  of  the  tem¬ 
perature  field.  Wo  shall  attempt,  on  the  basis  of  the  above  qualitative  notions, 
to  proceed  directly  to  the  investigation  of  the  structural  function  of  the  tem- 
porature  field,  using  for  this  purpose  dimensional  considerations.  This  method 
is  analogous  to  that  employed  by  A.  S.  Kolr.ogoroff  (2)  in  the  investigation  of 
tho  micro~3tructure  of  a  turbulent  volocity  field. 
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Socv.an  ?.  Structural  Function  of  tho  Tormcratura  Field. 


{'  v  In  tho  introduction  wo  spoke  of  tho  structural  function  of  a  temperature 

vj  field.  This  function  describes  in  a  statistical  sense  tho  moan  value  of  the 
square  of  the  difference  of  tho  temperatures  at  two  points  M 
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(13) 


V«o  shall  aasu.Yjt.nat  the  temperature  field  is  locally  isotropic.  This  means 
# that  the  function  depends  only  on  the  distance  £.  between  the  points 

M  and  tV  ,  wnich  are  chosen  so  that  the  distance  between  them  is  small  in 
comparison  with  the  scale  of  turbulenco  Z0  .  The  scale  iQ  for  given  conditions 
of  flow  is  determined  by  the  geometry  of  the  system.  For  example,  £0  cay  be 
determined  according  to  the  theory  of  Prandtl.  This  method  is  completely 
analogous  to  that  which  was  proposed  by  Kolnogoroff  in  1941,  for  local  isotropy 
of  a  tt  rbulcnt  velocity  field.  It  is  natural  to  assume  local  isotropy  for  the 
temperature  field  in  a  turbulent  flow  pattern. 


write 


Using  the  condition  of  the  local  isotrepy  in  the  temperature  field,  we  may 


H  -  W(t) 


(14) 


for  £<  &0  ,  where 


i  *](*/-  X$~ -t  ^ *•+  4-^ 


It  is  obvious  that  for  O  ,  H  equals  zero.  From  symmetry  it  also  follows 
that  Wy(o)  -  O  . 

The  second  derivative  of  the  structural  function  for  zero  value  of  its 
argument,  as  is  readily  shown,  is  directly  expressible  in  teres  of  the  mean 
value  of  the  square  of  the  temperature  gradient.  Considering  the  coordinate 
points  M  and  ty  as  independent  variables  ^pc.  .*„*..  x/.x/  'k(')  ,  we  have 

from  equation  (13)  *  '  X  *  ' 

(v.v'hOi.h')  Sm.Sm'))  --  -  z((^iu ("m-) . *>1') $ M . S hO) 

Here  the  dot  denotes  the  tensor  product  of  vectors  and  the  right  and  left  hand 
sides  represent  bi-scalar  products.  Dividing  ty  the  product  of  the  vectors 
and  SM^  it  follows  that 


U5) 


Tho  right  hand  side  of  (15)  cay  be  evaluated,  using  tho  condition  of  local 
isotropy  (14): 

O  y'Vrfa') =  ~ (16) 


r 


8 


[b  '  1,1,3  '  y* 


*\ia  ^-^/l 


*-  (3 

o4  Y  p 


being  the  components  of  the  vector  determining  the  direction  from  the  point  M 
to  M'.  . 

Proceeding  to  the  limit  (&-Vo)ar.d  summing  for  the  indices,  we  obtain 

the  desired  formula  for  the  mean  square  of  the  temperature  gradient. 


C^lT]1-  -  f  H'Yo) 


Multiplying  both  sides  of  oquation  (17)  by  the  thermal  diffusivity  l<  ,  we 
obtain  an  expression  for  the  parameter  /V  (given  above  Section  2)  determining  the 
rate  of  equalization  of  the  temperature  heterogeneities. 

W  =  K  »Yo)  (18) 

Hence  for  very  small  £  (later  we  shall  define  core  precisely  the  meaning  of 
•'small"  l  ),  -vo 

3  ^  ^  (19) 

The  structural  function  for  the  temperature  field  may,  roughly- 

speaking,  bo  treated  as  a  measure  of  the  intensity  of  the  temperature  hetero¬ 
geneities  Q  (calculated  for  unit  mass)  for  values  not  exceeding  Z  .  The 
heterogeneities  considerably  larger  than  ^  will  not  influence  to  any  extent 
the  difference  of  temperatures  at  the  distance  £  .  The  relation  between  the 

spoctrum  of  temperature  heterogeneities  and  the  structural  function  may  be 
established  more  exactly  by  the  method  of  the  Fourier  integral. 

Using  the  preceeding  picturo  of  the  equalization  process  for  the  temperature 
heterogeneities  in  a  turbulent  stream,  we  may  now  obtain  an  expression  for  the 
structural  function  for  (not  very  small)  values  of  Z  ",  where  the  direct 

influor.ee  of  thermal  diffusivity  of  the  medium  is  negligibly  small.  It  is 
natural  to  suppose  that  in  this  region  in  a  quasi-stationary  regime  of  temperature 
fluctuations,  the  size  of  must  be  de  ermined  only  by  the  value  of 

(the  analog  of  the  dissipation  energy  in  Kolm  igoroffs  theory)  and  by  the 
characteristics  of  the  turbulence. 

In  this  region  the  coefficient  of  thermal  diffusivity  docs  not  enter 
directly.  According  to  Kolraogorcff's  theory,  in  this  range  the  structure  of  the 
field  of  turbulent  fluctuations  of  velocities  is  completely  determined  by  the 
mean  dissipation  energy  ,  calculated  for  unit  ma3s  of  the  medium.  Thus  we 
cay  v.rito 


H  (l)  <  F(  *T,  J,  l) 


Deforo  considering  tho  form  of  the  function  is  derived  from  dimonsional 
analysis,  it  is  necessary  to  make  one  remark  regarding  tho  dimensions  of  tempera- 
turo.  Sinco  wo  havo  as-umed  a  "passive"  character  for  tho  heat  transported  in  the 


flow,  i.e.  that  tho  heterogeneity  of  -ho  t jmpur iti.ro  1'iold  docs  not  influence 
the  field  of  turbulence  (this  will  be  the  case  for  small  fluctuations  of  tempera¬ 
ture  from  the  .-scan  and  considerable  turbulence  of  dynamic  origin),  the  mechanical 
equivalent  of  heat  does  not  appear  among  the  determining  parameters.  Thus,  in 
the  dimensional  analysis,  vre  may  use  an  arbitrary  scale,  not  depending  on  the 
scales  for  the  dynamic  quantities.* 

For  the  dimensions  of  the  quantities  ippcirir.g  in  formula  (2D)  wo  write 

[H]  =  61  ,  [?]  --  LhT^ ,  [pi  --  6tiT"1  /  [2]  ■=  L 

(In  this  formula  1  is  the  dimension  of  time.) 


tion: 


From  these  values  it  is  possible  to  set  up  only  ono  dimensionless  combina- 


iLi-  - 

from  which  it  follows  that  the  structural  function  H  (l)  has  the  f( 

or  °IT$)  *  I  (T(^'V"(h)T  =  6 1*^ 


where  -ft.  is  a  numerical  constant  obviously  of  the  order  unity. 


D  -  i  1  *L. 

‘Jr  appears  as  the  fundamental  characteristic  of  the  local 

structure  of  the  temperature  field. 

The  fundamental  form  of  the  mean  square  of  tho  difference  of  temperature  in 
a  turbulent  stream  a3  a  function  of  tho  distance  between  points  of  observation 
is  completely  analogous  to  the  "two  thirds  law"  for  a  field  of  velocities  as 
obtained  by  Kolmogoroff  and  Obukhov  in  19il  (2,3). 


*  V.'e  may  note  th.it  the  transformation  of  mechanical  energy  ir.to  heat  (duo  to 
dissipation)  in  turbulent  flow  causes  negligible  changes  of  temperature  so 
that  we  may  disregard  this  process. 
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where  C  is  a  numerical  constant  of  the  order  unity. 


Thus  a  unique  similarity  exists  hetv.-cen  the  structure  of  a  temperature  field 


and  a  field  of  velocities  in  conditions  of  local  isotropy.  It  follows  that  the 
behavior  of  the  mean  square  amplitude  of  the  nifference  of  temperatures  and  the 
difference  of  velocities  does  not  depend  upon  the  distance  between  points  of 
observation  and  has  the  form  (kT/ 


It  is  now  possible  to  estimate  the  value  of  the  temperature  heterogeneities 
for  which  the  field  approach  as  linearity  owing  to  the  absence  of  thermal 
diffusivity.  This  region  corresponds  to  asymptotic  expansion  of  the  structural 
function  &(£)  for  small  .  Y.'t-  determine  a  suitable  dimension  Z.  by  the 

intersection  of  two  asymptotic  representations  (19)  and  (21)  for  , 

corresponding  to  "small"  and  "largo"  values  of  Z  (Fig.  1« — -ore  the  broken  line 
represents  the  hypothetical  fora  of  H^'')  in  the  transitional  zone.) 


~r 


H 


Thus 


4 


must  satisfy  the  equation: 


from  where 


I 

% 


(24) 


The  magnitude  of  d/j  does  not  depend  upon  the  intensity  of  the  temperature 
fluctuations.  Owing  to  the  fact  that  the  Prandtl  number  for  air  is  of  order  of 
unity,  tho  nagnitudo  of  Zy  ,  is  of  the  same  ordor  as  the  characteristic 
parametor  of  turbulence  pj  ,  givon  in  tho  above  cited  theorem  of  Kolmogoroff : 


i 


O 


11 


I 


The  above  discussion  concerning  the  micro-ctrueture  of  the  temperature  field 
in  a  turbulent  fiov;  pattern  might  be  applied  in  meteorology  to  the  study  of  the 
fluctuations  of  temperature  in  the  near-ground  layer,  provided  the  velocities  of 
the  field  bo  sufficiently  "rent  and  turbulence  of  dynamic  origin. 

It  is  possible  to  -jjtir.ato  roughly  the  order  of  magnitude  of  the  basic 
parameters  of  the  structural  function  of  the  temperature  field  in  the  atmosphere. 
Using  the  similarity  conditions  formulated  above  for  the  temperature  -and  velocity 
fields,  v/e  may  calculate  the  conversion  factor  from  the  amplitude  of  the  velocity 
to  amplitude  of  temperature  fluctuations  ny  comparing  wind  and  temperature 
observations  obtained  under  similar  conditions.  Using  the  data  given  in  lottau's 
book,  it  is  possible  to  estimate  this  conversion  factor  to  be  of  the  order  of 
magnitude  of  0.5°  for  ln/sec  or  5  10~3cr"^  sec. 

Then  using  measurements  of  the  fluctuation  of  wind  velocity,  Godecke  (?)  and 
the  author  (8),  the  characteristic  of  the  micro-structure  of  tho  temperature 
field,  B  (the  coefficient  of  proportionality  for  Qfcin  the  express < <\n  of  the 
mean  square  difference  of  temperature)  may  be  estimated  at  a  fev,*  hundredths  of  a 
degree  for  This  corresponds  for  a  base  of  one  meter  to  a  mean  amplitude  of 

the  difference  of  temperatures  of  the  order  of  a  tenth  of  a  degree. 

According  to  data  given  by  Codcckc*,  the  inner  scale  of  turbulenco  may  be 
estimated  as  being  of  the  order  of  1  cm.  The  value  of  •£,  specifying  the 
temperature  hoterogenoity  of  the  atmosphere  may  be  deduced  from  such  a  value. 

This  coarse  evaluation  must  naturally  be  made  core  precise  by  means  of 
special  measurements  of  the  rapid  oscillations  of  temperature  differences  in  the 
atmosphere  over  small  distances  (from  several  centimeters  to  a  meter). 

Investigations  of  the  same  type  are  of  interest  not  only  in  connection  with 
tho  theory  developed  above,  but  for  the  explanation  of  certain  questions  relating 
to  accoustics  and  optics  in  the  atmosphere. 
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